PIPE HAVING A WATER-TIGHT IN-LINE BELL 
Field of the Invention 

The present invention relates generally to pipe, 
and more particularly, to a pipe which is formed having a 
water-tight in-line bell. 

Background of the Invention 
This invention is directed to the providing of 
corrugated pipe, and more particularly to the providing of 
corrugated pipe of the type used in the drainage of soil 
for agricultural, residential, recreational, or civil 
engineering construction purposes, including but not 
limited to storm sewer uses. In this particular market, 
clay or concrete tile, tube, or pipe was traditionally 
utilized. In practice, the drainage pipe was installed 
through the placing together of relatively short sections 
of the pipe to construct the desired drainage system. 
Such sections or pieces could range from a few feet to 
more than a couple of dozen feet. Consequently, 
construction was extremely time consuming and relatively 
expensive because of the number of pieces and total weight 
associated with the components of the drainage system. 
Additionally, the relatively large number of pipes which 
were required to be installed for such systems 
necessitated proper positioning of an extremely large 
numbers of pipe in order to insure minimal leakage. 
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More recently, plastic began to be used as a 
construction material for drainage pipe. Originally, 
sections of the plastic pipe or tubing were provided in 
predetermined lengths or sections which then were 
interconnected by using separate couplers or coupling 
units. Sometimes pipe or tubing of a relatively small 
diameter rolls of more than 200 feet can be used, which 
can impact on cost savings and ease of assembly. For pipe 
with greater diameters, ease of assembly and cost savings 
often focused on the manufacture of the coupler and the 
ease of installation. 

This focusing on coupler structure resulted in 
numerous couplers for use with corrugated pipe, all of 
which had an exterior diameter greater than the exterior 
diameter of the sections of installed pipe. Consequently, 
it became necessary to dig a trench wide enough to 
accommodate the diameter of the installed coupler and to 
also dig a hole in the pipe bedding to accomodate this 
coupler and maintain proper line and grade. Additional 
ground needed to be disturbed and additional fill needed 
to be replaced, both of which factors would drive up the 
cost of installation. 

As mentioned briefly above, couplers are well 
known in the prior art. A typical type of coupler could 
involve a polyethylene wrap secured about the adjacent 
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ends of pipe by a fastener. These split -couplers normally 
require an overlap, such that the gap between the interior 
surface of the coupler and the exterior surface of the 
pipe is invariably present. Even if a gasket is placed 
between the adjacent pieces of pipe, installation in 
conjunction with the wrapped coupler may still result in a 
leak. A coupler similar to this is disclosed in Patent 
No. 3,239,254 to Campbell. 

Another type of coupler involves a heat shrink 
wrap as is disclosed in Lupke, et al, Patent No. 
4,141,576. Obviously, this type of coupler has 
disadvantages and applications with large diameter 
corrugated pipe where there is a need for the pipe to 
remain water-tight over an extended period of time. 

A number of couplers are known which comprise 
two arcuate sections, hinged or independent of one 
another, with these two sections being secured together. 
Examples of such couplers include Borsch, et al, Patent 
No. 4,443,031, and Pate, Patent No. 4,647,074. However, 
both of these couplers are specifically designed to work 
with annular conduit systems, as opposed to helical. This 
distinction is important, because it is far easier to 
effect a water-tight seal on an annular system than it is 
with helical due to the configuration of the respective 
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conduit structures. Meanwhile, many types of extruded 
pipe are formed using the helical technique. 

Several patents disclose couplers for use with 
helical pipe. Examples of such patents include Hall, 
Patent No. 4,149,740 and Kaminski, Patent No. 4,795,197. 
Hall discloses a pipe coupler for use with pipe which 
appears substantially helical. However, interestingly 
enough the ends of each pipe section with which the 
coupler of Hall can be used either must be flat and level 
as shown in Fig. 3 of Hall, or fabricated with the 
outwardly extending flanges as shown in its Fig. 2. 
Consequently, Hall recognized the problem associated with 
trying to obtain a water tight seal in true helical pipe. 

The Kaminski patent discloses a coupling for 
seed and fertilizer hoses, and as such is not concerned 
with whether the coupling is effectively water-tight. Its 
concern is providing a relatively air-tight seal. 
Although the coupling of Kaminski could be used with true 
helical pipe, it would not be expected to perform in 
drainage applications so as to guarantee the integrity of 
the drainage system. 

Ideally it would be desirable to lay corrugated 
drainage pipe that would incorporate an in-line bell. A 
plastic pipe having an in-line bell is shown in Hegler, 
Patent No. 5,071,173, however, this pipe is specifically 
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designed for sewer pipe reconstruction, a practice known 
in the trade as relining. The pipe of Hegler was not 
designed to serve as the initial drainage pipe laid at a 
particular location. 

Shroy, et al, Patent No. 3,926,222, discloses a 
corrugated tubing with integral coupling means thereon. 
However, this particular invention relates only to single 
wall pipe, as opposed to dual wall. Additionally, no 
provision is made for attempting to obtain a tight seal, 
such as through the use of a sealing element. 

An in-line bell pipe designed to serve as 
initial drainage pipe is shown in Goddard, Patent No. 
6,126,209. However, when subjected to internal pressure, 
the pipe as disclosed would not remain water-tight, a 
characteristic desirable in some drainage applications. 

It is thus apparent that the need exists for an 
improved pipe which provides for a water-tight in-line 
bell, and especially one which is a dual -wall pipe. 

Summary of the Invention 
In accordance with this invention an 
indeterminate length of pipe comprised of at least two 
corrugated sections of pipe joined by a coupler component 
is provided. The coupler component has a male portion and 
a female portion to connect two of the corrugated 
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sections. Each corrugated section has a plurality of 
first corrugations. Each of the first corrugations has a 
crest and a valley with the distance between the crest and 
valley of each of the first corrugations being a first 
distance . 

The male portion of each corrugated section has 
at least one second corrugation. Each second corrugation 
has a crest and valley with the distance between the crest 
and valley of each second corrugation being a second 
distance. The male portion of each corrugated section has 
at least one third corrugation. Each third corrugation 
has a crest and valley with the distance between the crest 
and valley of each third corrugation being a third 
distance. The crest of each third corrugation has a 
recessed area, with the recessed area accommodating a 
sealing element, for example, a gasket. The sealing 
element is retained between the recessed area and the 
female portion. 

The second distance and the third distance each 
are less than the first distance. The female portion 
telescopically receives the third corrugation and at least 
a portion of the second corrugation. The female portion 
has a reinforcing means on a segment of the exterior 
surface of the female portion. 
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The pipe preferably is dual-wall. In one 
embodiment of the invention the pipe includes a fourth 
corrugation. The fourth corrugation has a crest and a 
valley, with the distance between the crest and valley of 
the fourth corrugation being a fourth distance which is 
greater than the first distance. In another embodiment of 
the invention, believed to be preferred, the pipe includes 
an intermediate corrugation located between the second and 
third corrugations. The intermediate corrugation has a 
crest and a valley, with the distance between the crest 
and valley of the intermediate corrugation being an 
intermediate distance, with the intermediate distance 
being greater than the third distance and less than the 
second distance. 

The female portion wall member in one embodiment 
telescopically receives all of both the second corrugation 
and the third corrugation. The reinforcing means is 
comprised of a selection from a group comprising tape, an 
adhesive layer, and a suitable coating, such as plastic, 
and a selection from a group comprising fiberglas, metal, 
carbon fibers, and plastic fibers. 

There is also disclosed a connection between two 
sections of corrugated pipe, which pipe has a plurality of 
first corrugations, with each of the first corrugations 
having a crest and a valley with the distance between the 
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crest and valley of each of the first corrugations being a 
first distance. The connection has a male portion 
integrally molded to one of the sections and a female 
portion integrally molded to the other of the sections. 

The male portion has at least one second 
corrugation, with each second corrugation having a crest 
and valley with the distance between the crest and valley 
of each second corrugation being a second distance. The 
male portion also has at least one third corrugation, with 
each third corrugation having a crest and valley with the 
distance between the crest and valley of each third 
corrugation being a third distance. The crest of each 
third corrugation has a recessed area. The second 
distance and the third distance each are less than the 
first distance. 

The female portion is of a length which is 
greater than that associated with two corrugations. In 
the one embodiment, the two corrugations are the second 
and third corrugations. In another embodiment, the two 
corrugations are the third and intermediate corrugations. 
The female portion also has at least one corrugation 
thereon, and a pair of guide lines formed on the exterior 
of the female portion. 
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There is also disclosed an indeterminate length 
of dual -wall plastic pipe comprised of at least two 
corrugated sections of pipe joined by a coupler component. 
The coupler component has a male portion and a female 
portion to connect at least two corrugated sections. Each 
corrugated section has a plurality of first corrugations, 
with each of the first corrugations having a crest and a 
valley with the distance between the crest and valley of 
the first corrugations being a first distance. 

The male portion of each corrugated section has 
at least one second corrugation. Each second corrugation 
has a crest and valley with the distance between the crest 
and valley of each second corrugation being a second 
distance. The male portion of each corrugated section has 
at least a single third corrugation. Each third 
corrugation has a crest and valley with the distance 
between the crest and valley of each third corrugation 
being a third distance. 

The female portion wall member telescopically 
receives a third corrugation and at least a portion of a 
second corrugation. The crest of each third corrugation 
has a recessed area, with the recessed area accommodating 
a sealing element. The sealing element is retained 
between the recessed area and the female portion. The 
second distance and the third distance each are less than 
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the first distance. The female portion has reinforcing 
means on a segment of the exterior surface of the female 
portion. 

In one embodiment of the invention, the pipe 
includes a fourth corrugation, with each fourth 
corrugation having a crest and a valley, with the distance 
between the crest and valley of the fourth corrugation 
being a fourth distance, and with the fourth distance 
being greater than the first distance. In another 
embodiment of the invention, the pipe includes an 
intermediate corrugation, with each intermediate 
corrugation located between the second and third 
corrugations, and with the intermediate corrugation having 
a crest and a valley. The distance between the crest and 
valley of each intermediate corrugation is an intermediate 
distance, with the intermediate distance being greater 
than the third distance and less than the second distance. 

The female portion is of a length which is 
greater than that associated with two corrugations. In 
the one embodiment, the two corrugations are the second 
and third corrugations. In another embodiment, the two 
corrugations are the third and intermediate corrugations. 
The female portion also has at least one corrugation 
thereon, and a pair of guide lines formed on the exterior 
of the female portion. 
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The primary objective of this invention is to 
provide a dual-wall plastic pipe with an in-line bell 
which is of relatively economical construction, is 
particularly easy to utilize in the laying of pipe, and 
most importantly is water-tight. 

Other objects and advantages of the invention 
will be apparent from the following description, the 
accompanying drawings, and the appended claims. 

Brief Description of the Drawings 
Fig. 1 is a side elevational view of a portion 

of a pipe of indeterminate length made in accordance with 

one embodiment of the present invention. 

Fig. 2 is a vertical sectional view on an 

enlarged scale of the portion of the pipe shown in Fig. 1 
Fig. 3 is an side elevational view of the 

embodiment of Fig. 1 prior to severing the male portion 

and female portion of the coupler component of the 

invention. 

Fig. 4 is a vertical sectional view on an 
enlarged scale of the portion of the pipe shown in Fig. 3 

Fig. 5 is a vertical sectional view on an 
enlarged scale of a portion of a pipe of indeterminate 
length made in accordance with a second embodiment of the 
present invention. 
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Fig. 6 is an vertical sectional view on an 
enlarged scale of the embodiment of Fig. 5 prior to 
severing the male portion and female portion of the 
coupler component of the invention. 

Detailed Description of the Drawings 
Having reference to the drawings, attention is 
directed first to Figs. 1-4 which disclose a first 
embodiment of a corrugated dual wall pipe of indeterminate 
length designated generally by the numeral 10 and made in 
accordance with the present invention. This pipe is shown 
in Figs. 1 and 2 as it appears when it is installed in the 
ground as the initial drainage pipe at a location. As 
such, it can be appreciated that the pipe of this 
invention is not intended for use for re-lining of earlier 
laid pipe, but as the original drainage pipe at a 
location. It can also be appreciated that the pipe 10 is 
formed from a plurality of individual pipe sections 12. 
The pipe has a number of coupler components 15 with each 
coupler component having a male portion 18 with a male 
portion engagement edge 19, and a female portion 2 0 with a 
female portion engagement edge 21. To better appreciate 
the structure of the coupler component 15, reliance may 
also be had on Figs. 3 and 4 which disclose the extruded 
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product prior to being separated into the individual pipe 
sections 12. 

Having reference to Figs. 1-4, it will be 
appreciated that the pipe sections 12 are formed having a 
plurality of first corrugations 22. Each of the first 
corrugations 22 are formed having a crest or peak 25 as 
well as a trough or valley 28. The crests 25 and valleys 
28 associated with each of the first corrugations 22 are 
connected by side walls 30. 

Meanwhile, it will be appreciated that the male 
portion 18 is formed having at least one second 
corrugation 32. This second corrugation 32 is formed with 
a crest 35 and a valley 38 connected together by side wall 
40. While the width of the second corrugation 32 is 
approximately the same as the width of the first 
corrugation 22, it will be readily appreciated that the 
distance between the crests and valley of the first 
corrugation being a first distance, is greater than the 
distance between the crest and valley of the second 
corrugation which is a second distance. In "the embodiment 
of Figs. 1-4, only a single second corrugation is shown. 

The male portion 18 also includes at least a 
single third corrugation 42. This third corrugation 42 
has a crest 45 and a valley 48 connected by the third 
corrugation side wall 50. Once again, although the width 
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of the third corrugation is approximately the same as both 
the first and second corrugations 22 and 32 respectively, 
the height of the third corrugation, with that height 
being the difference between crest 45 and valley 48, is 
less than the height of the first corrugation. In this 
embodiment, the height of the third corrugation, the third 
distance, is preferably the same as the height of the 
second corrugation 32, the second distance. 

One important difference between the crest 45 of 
the third corrugation 42 and the first or second 
corrugations is that the third corrugation includes a 
recessed or notched area 55. This recessed area 55 can be 
seen as accommodating or seating a sealing ring 60 which 
is secured between the recessed area 55 of the crest 45 of 
the third corrugation 42 of male portion 18 and the female 
portion 20. Specifically, the sealing ring 60 comes into 
contact with the female portion wall member 65. As such, 
the sealing ring performs as a gasket. An advantage of 
the structure of this invention over preexisting pipe 
structures is that using an elastomeric seal placed in a 
notched-type corrugation, as disclosed by this invention, 
provides a more economical seal than those which encase 
the entire juncture of adjacent pipes, due to not needing 
as large a mass of gasketing material. 
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The female portion wall member 65 has a side 
wall 68 as well as the engaging wall 70, which engaging 
wall actually comes into contact with the sealing ring 60. 
The engaging wall 70 is formed having at least one 
engaging wall corrugation 72, which functions similar to a 
stiffening rib. Each engaging wall corrugation 72 has a 
crest 75 as well as a valley 78, with the crest and valley 
being connected by an engaging wall corrugation side wall 
80. The engaging wall corrugations 72, also referred to 
as stiffening rings, additionally provide dimensional 
control by making sure that the bell of the female portion 
wall member 65 remains concentric. 

The length of the engaging wall is such that it 
spans the second and third corrugations and part of one of 
the first corrugations. Surrounding the engaging wall is 
a reinforcing means 81. The reinforcing means is shown as 
being located intermediate two guide lines 82. The 
reinforcing means could be tape, an adhesive layer or a 
suitable coating, even plastic, containing fiberglas, 
metal, carbon fibers, or plastic fibers, such that the 
plastic pipe which normally exhibits viscoelastic 
characteristics when subjected to a predetermined level of 
interior pressure is precluded from expanding outwardly at 
the site of the sealing ring or gasket. 
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The female portion wall member 65 also has a 
fourth corrugation 83. This fourth corrugation has a 
crest 84 and a valley 85 connected by the fourth 
corrugation side wall 86. Once again, although the width 
of the fourth corrugation is approximately the same as the 
first corrugation, the height of the fourth corrugation, 
with that height being the difference between crest 84 and 
valley 85, is greater than the height of the first 
corrugation. In this embodiment, the height of the fourth 
corrugation, the fourth distance, is preferably greater 
than the height of either the second or third 
corrugation's second and third distances respectively. It 
will also be appreciated, perhaps best from Fig. 2, that 
the outer diameter of the fourth corrugation is about the 
same as the outer diameter of the distal end of the 
engaging wall. 

In actual use, the structure of this embodiment 
is formed by extruding both the outer wall 87 and inner 
wall 88 together. Air or pressure is used to bring the 
two walls into contact with one another as is well known 
in the art of dual wall pipe extrusion. The extruded 
product is then cut at line C completely through the 
extruded structure, then the portion of the outer wall 
section 89 corresponding to the length A-l shown in Fig. 4 
is cut away, as is the portion of inner wall section 90 
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shown in Fig. 4 having the distance A- 2. The reinforcing 
means can then be applied , with the guide lines serving to 
assist in the manufacturing process, since the reinforcing 
means is located intermediate the lines, and as so located 
is positioned above or on the exterior of the gasket. 

In actual field installation, one pipe section 
can be positioned in the trench dug for it. A sealing 
ring 60 is placed within the recessed area 55. A female 
portion of a pipe section 12 is then engaged with the male 
portion 18 of the other pipe section 12. As such, it can 
be readily appreciated that the installation of the pipe 
of this invention does not involve relining. 

Turning now to a second embodiment of the 
invention as shown in Figs. 5 and 6, there is disclosed 
yet another embodiment of a corrugated dual wall pipe of 
indeterminate length designated generally by the numeral 
110 and made in accordance with the present invention. 
This pipe is shown in Figs. 5 and 6 in views similar to 
the first embodiments as shown in Figs. 2 and 4. Thus 
Fig. 5 shows how the second embodiment appears when it is 
installed in the ground as the initial drainage pipe at a 
location. As such, it can be appreciated that the pipe of 
this invention is not intended for use for re -lining of 
earlier laid pipe, but as the original drainage pipe at a 
location. It can also be appreciated that the pipe 110 is 
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formed from a plurality of individual pipe sections 112. 
The pipe has a number of coupler components 115 with each 
coupler component having a male portion 118 with a male 
portion engagement edge 119, and a female portion 120 with 
a female portion engagement edge 121. To better 
appreciate the structure of the coupler component 115, 
reliance may also be had on Fig. 6 which discloses the 
extruded product prior to being separated into the 
individual pipe sections 112. 

Having reference to Figs. 5 and 6, it will be 
appreciated that the pipe sections 112 are formed having a 
plurality of first corrugations 122. Each of the first 
corrugations 122 are formed having a crest or peak 125 as 
well as a trough or valley 128. The crests 125 and 
valleys 128 associated with each of the first corrugations 
122 are connected by side walls 130. 

Meanwhile, it will be appreciated that the male 
portion 118 is formed having at least one second 
corrugation 132. This second corrugation 132 is formed 
with a crest 135 and a valley 138 connected "together by 
side wall 140. Although the width of the second 
corrugation 132 in this embodiment may be, and preferably 
is, less than the width of the first corrugation 122, it 
will be readily appreciated that the distance between the 
crests and valley of the first corrugation being a first 
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distance, is greater than the distance between the crest 
and valley of the second corrugation which is a second 
distance. In the embodiment of Figs. 5 and 6, only a 
single second corrugation is shown. 

The male portion 118 also includes at least a 
single third corrugation 142. This third corrugation 142 
has a crest 145 and a valley 14 8 connected by the third 
corrugation side wall 150. Once again, while the width of 
the third corrugation may be, and preferably is, less than 
the width of the first corrugation 122, the height of the 
third corrugation, with that height being the difference 
between crest 145 and valley 148, is also less than the 
height of the first corrugation. In this embodiment, the 
height of the third corrugation, the third distance, is 
preferably slightly less than the height of the second 
corrugation 132, the second distance. 

One important difference between the crest 145 
of the third corrugation 142 and the first or second 
corrugations is that the third corrugation includes a 
recessed or notched area 155. This recessed area 155 can 
be seen as accommodating or seating a sealing ring 160 
which is secured between the recessed area 155 of the 
crest 145 of the third corrugation 142 of male portion 118 
and the female portion 120. Specifically, the sealing 
ring 160 comes into contact with the female portion wall 
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member 165. As such, the sealing ring performs as a 
gasket. An advantage of the structure of this invention 
over preexisting pipe structures is that using an 
elastomeric seal placed in a notched-type corrugation, as 
disclosed by this invention, provides a more economical 
seal than those which encase the entire juncture of 
adjacent pipes, due to not needing as large a mass of 
gasketing material. 

Although it could be possible to have the recess 
155 positioned anywhere along the crest, in the preferred 
embodiment the location is slightly offset. Thus as can 
be appreciated the width of crest segment 145a is less 
than the width of cress segment 145b. Consequently, the 
height of recess sidewall segment 155a, which terminates 
at crest segment 145a, is equal or preferably less than 
the height of recess sidewall segment 155b, which 
terminates at crest segment 145b, with both heights being 
based on the vertical distance from the bottom of recess 
trough 155c to the respective junctures of the sidewall 
segments and crest segments. By having the recess offset, 
and especially by having the recess sidewall segment 155b 
greater in height than recess sidewall segment 155a, it is 
submitted that the gasket will be able to achieve a 
tighter fit between the recess and the female engaging 
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member, and be better able to resist rolling past the 
recess into the next trough. 

The male portion 118 of all but the smallest 
diameter pipes also includes at least a single 
intermediate corrugation 156, positioned between the 
second and third corrugations. This intermediate 
corrugation 156 has a crest 157 and a valley 158 connected 
by the intermediate corrugation side wall 159. Once 
again, while the width of the intermediate corrugation may 
be, and preferably is, less than the width of the first 
corrugation 122, the height of the intermediate 
corrugation, with that height being the vertical 
difference between crest 157 and valley 158, is also less 
than the height of the first corrugation. In this 
embodiment, the height of the intermediate corrugation, 
the intermediate distance, is preferably slightly less 
than the height of the second corrugation 132, the second 
distance, and slightly greater than the height of the 
third corrugation 142, the third distance. 

The female portion wall member 165 has a side 
wall 168 as well as the engaging wall 170, which engaging 
wall actually comes into contact with the sealing ring 
160. The engaging wall 170 is formed having at least one 
engaging wall corrugation 172, which functions similar to 
a stiffening rib. Each engaging wall corrugation 172 has 


Docket No. AES 107 P2 


- 22 - 


a crest 175 as well as a valley 178, with the crest and 
valley being connected by an engaging wall corrugation 
side wall 180. The engaging wall corrugations 172, also 
referred to as stiffening rings, additionally provide 
dimensional control by making sure that the bell of the 
female portion wall member 165 remains concentric. As can 
best be seen with reference to Fig. 6, in this embodiment 
of the invention, the outer diameter of the female portion 
engagement edge 121 is equal to the outer diameter of the 
first or main corrugations 122. 

The length of the engaging wall is such that it 
spans the third and intermediate corrugations and part of 
the second corrugation. Surrounding the engaging wall is 
a reinforcing means 181. The reinforcing means is shown 
as being located intermediate two guide lines 182. The 
reinforcing means could be tape, an adhesive layer or a 
suitable coating, even plastic, containing fiberglas, 
metal, carbon fibers, or plastic fibers, such that the 
plastic pipe which normally exhibits viscoelastic 
characteristics when subjected to a predetermined level of 
interior pressure is precluded from expanding outwardly at 
the site of the sealing ring or gasket. 

In actual use, the structure of this embodiment 
is formed by extruding both the outer wall 187 and inner 
wall 188 together. Air or pressure is used to bring the 
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two walls into contact with one another as is well known 
in the art of dual wall pipe extrusion. The extruded 
product is then cut at line C completely through the 
extruded structure, then the portion of the outer wall 
section 189 corresponding to the length A-l shown in Fig. 
6 is cut away, as is the portion of inner wall section 190 
shown in Fig. 6 having the distance A- 2. The reinforcing 
means can then be applied, with the guide lines serving to 
assist in the manufacturing process, since the reinforcing 
means is located intermediate the lines, and as so located 
is positioned above or on the exterior of the gasket. 

In actual field installation, one pipe section 
can be positioned in the trench dug for it. A sealing 
ring 16 0 is placed within the recessed area 155. A female 
portion of a pipe section 112 is then engaged with the 
male portion 118 of the other pipe section 112. As such, 
it can be readily appreciated that the installation of the 
pipe of this invention does not involve relining. When 
the pipe sections are aligned as shown in Fig. 5, the 
crests 175 associated with the engaging wall corrugation 
172 should be approximately the same vertical distance 
from the inner wall 188 as crest 125 of the first 
corrugations 122 is above the same inner wall 188. 

Therefore, in both embodiments not only are the 
various joints aligned, but no special digging is 
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required. This constitutes a considerable reduction in 
labor as well as installation expense. 

While the form of apparatus herein described 
constitutes a preferred embodiment of this invention, it 
is to be understood that the invention is not limited to 
this precise form of apparatus and that changes may be 
made therein without departing from the scope of the 
invention which is defined in the appended claims. 

What is claimed is: 


